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/ * ^ ' ' ' . INTRODUCTION. 

" V- • \ ; ^ ■ : ; 

Welding, in any one of Us 60 or more. process variations, ts ^i/Sed a$. a^ 

•tool in many areas of construction or industry. Certain catastrophic explo- 
sions'and six percent (6*) of those industrial fices that cause loss, of human 
life can be blamed on someone's welding or cutting in an^urisafe place or man- 
ner. These unsafe work practices were usually the result of the worker's - 
being unaware of, forgetting, or igporing the basic laws -of physics and 
related safety requirements for the welding process. / - 

M The three elements of the fire triangl e ^fuel , heat, and oxygen -r are 
N present'with every welding process. Many i ndustri al ,fi res are caused by 
sparks (small globules of molten metal) traveling through the 'air for dis- 
tances of up hx> 40 feet. Any combustible materials in ,the aVea present a^ 
potentiaThazard. Electric shock, burns, and radiation hazards are also 
associated with arc welding. The handling of ^compressed gases presents 

^ potential dangers in oxyacetylene welding. Various hazardous gases, fumes, 
and mists may be released during many welding processes. h 

- This module.primarily addresses the safety precautions for oxyacetylene 

^welding. Information h given about haQdling compressed gases and the step$ 
involved in setting up, lighting- and shutting down the oxyacetyl^rie weldirvg. 

^equipment. Shielded metal arc welding is covered briefly, and hazards present 
in several other welding processes ar£ outlined. [, 

. • v ■ - ■ • 

/ OBJECTIVES 

~~ — • 5 . ~" ^ V ■ 

Upon •completion of this module, thfe stucjent should J)e 'able to: 

1. - Outline the five principle hazards to vrtnch welders^are exposed. 
. (Page 3) • 

2. Name three of the hazards inherent in the most commonly used fuel, gas, 
acetylene,, >(Page 5) / 

3. Identify *y markings'and descriptions the'structure, sfefety ^devi ces ,■ 
and the basic safe handling methods of -the acetylene cylinder., l (Page*6) 

4. Identify two main hazards associated With the use of high pressure and 
high purity oxygen i n- the -general work area.- (Page 10) . < 
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5, Idgfitify by Markings and descriptions the structure, safety devices, 
and the basic safe handling methods\id controls of -the high pressure 

oxygen cylinder. (Page 11) , 

\ - 
6* Explain the need for %. regulator f on ^compressed gas cylinders used in 

welding. (Page*,! 3) . ' . i * ' 

• 7. Describe the procedure for installing a regulator. (Page 15) 

8. Identify the characteristic^^ hoses acceptably for use with oxygen 
and, fuel gas welding. (Page' 18) 

9. * Describe ^the general construction characteristics of, the oxyacetylene 

. torjch and -the method^ of its attachment to 'the welding unit. (Page 20) 

10. Cite the correct procedures for" pressuring up, lighting, adjustment, * 
\ «and shutting down the oxyacetylene torch. (Page 22) r 

11. Identify^e sequence of steps involved in setting ijp, lighting, and 
shutting down the oxyacetylene process. (Page 26)/ 

12. List the personal protective clothing required for safe operation of 
the .oxyacetylene brazing and welding process.* (Page 29) 

13. Identify the major hazards inherent in using the shielded metal arc 
welding process.- (Page* 31) 

14. List the hazardous conditions' present in the average SMAW area. 
(Page 33)* u 

15. List the type/of\ays present in^he welding arc and describe the 
methods of^protecting the worker. (Page*34^ 

16. List the sa'fety hazards common to*the SMAW area, -(Page 38) , 

17. Identify the specific hazardous^Bondi tions encountered when using 
various other welding processes.^ (Page 40) 
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objective 1: Outline the five principle hazards to 
which welders are exposed. \ 



Safety in' the many processes of welding, cutting, and heating metals 
requi res* c^rtairf precautions 0 and standardized operating procedures. Weldirrg 
is associated with five principal hazards: electric shock and burns, fire, 
' compressed gas, radiant energy, and gases, fumes, and mists. 

# In ail types of welding-, the welder must exercise care to avoid burns. 
In electric welding, the welder njust also be on guard against electr\cshock. , 
Flying sparks are the source of many industri al , fi res . In, areas where 
• flammable gases, vapors, and dusts are present, only a tiny spark is needed! 
to set off a fire or explosion. ^Flying pieces ,/f molten metal can fall 
through cracks and Openings as small as nail holes and ignite combustibles 
that are beyond the welder's visual range. Hot metal that is b«jing welded 
or cut can -cause fires^is allowed to contact flammable or combustible material 
such, as drip pans, 'oily rags., .or wooden floors. The torch- ff^me used by the 
welder is another source of ignition qjid*must be handled carefully. Oxygdn, . 
which is i^sed in weeding, '„ if a fire hazard because it supports and inten-si- , 
fies the rate of combustion -of othef materials. 

Compressed gas q/lindeRS must be handled carefully if they are not tQ 
'✓be I safety* hazard. Gas cylinders can becomewlethal , unguided missi les when 
propelled by ^soaping gas* 

Radiant. energy -hazards in*weJding include ultraviolet, infrared, and 
visible light rays'. Exposure' to- the Jf^ldi ng arc (ultraviolet rayjs] may^ 
result in very" painfui irritation of the eye* and skin. Infrared rays act, 
upon the eyes, simply'as ^heit^nd can "cause a burn or irritation of the tissue 
affected.' The glafe of excessi ve^Vi sible radi-ation can cause headaches, eye 
fatigue, aqd'loss pf visual Efficiency. .Protective eyewear must be worn 
during welding to prevent harm ta tKe eyes from. radiant energy. ' • 

The {lazard potential of. gases, fumes , and dost. must be considered in weld- 
ing. Gases| generated 5 by>the .arc. include nitrous gases, deadly carbon monoxide, 
^and'ozone.^ Gases generated fcy the •Hare iftclude carbon monoxide, carbon diox- 
' ide, and nifrbus fymes.« Metric oxides, mineral dusts, amd toxic -fumes may 
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be given off from materials* being welded, from their coatings, oy from the 
coverings of 'the electrodes in arc Welding. The most dangerous of these 
substances are cadmium, lead, zinc, beryllium, arsenyc, fluorides, ar/d cyanid 

^^^^^^^hm ACTIVITY If* ^^H^^H^^^H 

Fill in the blanks below to supply th^rtiissjng parts of 
the outline. (Roman numerals apply toTtajor headings, 



r 



letters to specific examples.) 

five Hazards associated with wading 

I. Electric shock and, burns.* 

II. ■ ' ._ 

■ A.. 

B. ^ 

. c. . 

D. ' 'Torch flame. 

E. Oxygen. «• ^ . 
UI. Compressed gas cylinders. * 

IV. ; 

A. _; ^ * ; 

B. 



s 



- C. Visible\ad>ation. \ 
V. Gases', fumes, and dust. 
* A. Gases generated by the flame. 

1. . , • 

2. 

3. 



1 



B. Gases generated by^the arc. 
I! 



3. . 



. • • 

^Answers to Activities appear on page 43. 
/ 

m » 
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C. Metallic oxides, mineral dusts and toxic fumes 

'* 1 ■ -W — 

2. : 

3. 

■ 4. 

5. J 

6. 

. 7. 



1 



OBJECTIVE 2: 



Name three of the hazards inherent in the 



most commonly used fyel gas, acetylene. 
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The American Welding .Society defines- oxy-fuef gas welding (OFW) as any 
welding process- that uses the heat produced by a gas flame (or flames) for" 
melting the base metal and, 'if used^the filler metal thatjs capable of 
joining pieces of rtietak This process is portable and is easily adapted to 

brazing a>rcrt!utting . Students 
wyi easily recognize the typi- 
cal oxyacetylene welding rig as 
shown in Figure 1. OfW was 
originally developed with acet- 
ylene as a fuel *gas. Acetylene 
is still popular as a fuel gas 
' because it can provider highly 
Vocalized energy that will 
quickly produce and sustain a 
molten puddle on various sizes 
• and shapes of steel. Uhfortu- 

ttely for the user, ^cetylene 
a flammable, chemically un- 
stable gas that mus^be stored 
in special containers and han- 

Figure 1. Typical oxyacetylene ^ died with special precautions. 
\welding rig, 
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If acetylene is pressurized' above 15 pounds pjpr square inch gage pressure .V 
,(psig), it tends to 'become unstable: and may ^explosively decompose with or " r 
without external shock. Therefore, acetylene should not be gsed at gage ~ 
-pressures exceeding 15 psig.. * ^ . , 

The welding industry has improved this situation by developing methyl 
acetylene propadiene (MAPP), a chemically stabilized fueT'.gas?. In addition, 
standard propane gas and natural gas can also bemused as a fuel for cutting.^ 
Unlwunately , these alternate fuel 'gases do not develop the highly intense 
heat desirabVe for welding, so acetylene is still generally used for the major 
portion of oxy-fuel^gas welding and cutting^ Because of the vast *di f ference 
between acetylene and otfier fuel gases, both in generat character!' sti cs- and 
'in the degree of hazard, acetylene should not be referred to simply as gas. 
Commercial acetylene even has its own distinctive odor, similar to that of 
garlic. Always usi^^^fename acetylene will prevent' mi x-ups in handling 
procedures. 



ACTIVITY 2: 



Complete the following statements from previous informatiog. 

1. Acetylene should not' be used at gage pressures * 
exceeding - p S i g . . 

2. Exceeding the above pressure becomes hazardous 

because acetylene is a chemically 

gas. ^ • ^ 

3. Referring to acetylene by the general term 

j could result in personnel forget- 

ting the hazards-associated with acetylene. 



OBJECTIVE 3: Identify by markings and descriptions the 
A structure, safetyNevi ces, and the basic safe handling 
ijietjiods of the acetylene cylinder. 



r 



In order that acetylene can be transported economically and safely, a 
special cylinder was designed to allow the unstable acetylene. to be pressur- 
ized to 250 pounds per square inch gage (psig). The- steel cylinder is filled 
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with a porous material- ( Figure^) i 
solvit' acetone has t/een disperse. 



SAFETY CAP 




CYLINDER 
VALVE * 

SAFETY FUSE 
PLUG 



POROUS — 
MATERIAL 

ACETONE— 



THIN STEEL 
CYLINDER 
SH^LL- 



Figure 2. Acetylene crlinder 



*>A*FETY 
^FUSE 
PLUGS 

(2) 



51 513 NIPPLE 




\ 



Figured. Standard* fitting , 
for acetylene, .with 
grooved nut. 



nto which a given weight of the liquid ' 
The acetone has the ability to absorb 
jnany times its own weight of acety- » 
lene, Ind the mixture thus formed is • 
then suspended in the porous material. 
This porous material acts as a shock 
'absorber anct # thus allows \safe trans- 
port of thftf cylinder. * * 

fo insure that the wrong equip- 
ment is*not attached, the acetylene 
cylinder valve has- left-hand threads. 
t)nly^ fjttings with grooved nuts (in- 
dicating left-hanjd threads) specifi- 
cally designed for acetylene should 
be attached (Figure 3). Acetylene 
.cylinders can be recognized as porter, 
and larger in diameter £han oxygen, 
cylinders (Figure 4). The acetylene 
cylinder has safety relief valves 
located at either the top or bottom 
(Figure 2) of' the *cyl i nder. The fuse 
plug type safety valves are made frtm 
low temperature melting alloys that 
arV designed to give way at 212°F ' 
(100°C). This action allows thi gas 
to escape in a controlled burn rather 
than in an explosion, should the cyl- 
inder be involved in a fire. The 
other fuel- gases have pop-off valves^ 
design|d to function in the same 
manner; 
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OXYGEN HOSE 
WELDING TORCH-J CONNECTION 



TIP 



WORKING CYLINDER 
PRESSURE CjAGE PRESSURE GAGE 

OXYGEh/ ^ — 

Regulator • 
oxygen 

' HOSE 



SPARK LIGHTER 



ACETYLENE HOSE 
CONNECTION . 



WORKING 
PRESSURE GAGE ^ 

• CYLINDER 
PRESSURE GAGE 

ACETYLENE 
VALVE' 
WRENCH 

ACETYLENE 
REGULATOR 

ACETYLENE 
HOSE 




'APPARATUS 
v WRENCH 



Figure 4. Oxyacetylene welding s arrd 
cutting outfit. 



The acetylene cylinder 

'should always be secured in 

the upright position when it 

« 

is being transported, stored, 
or used. Using the cylinder 
in the horizontal p6s i ti qp 
will result in the* 1 i qui d ace- 
tone being drawn from tt«r cyl- 
inder l along with /the acetylene. < 
Not only*' does this contaminate 
the welding equipment and the 
weld process, but fit a]so re- 
suits in insufficient acetone 
being left i n the cylinder to 
adequately stabilize (he acet- * 
ylene gas. Acetylene pyliriders 
should have the safety caps 
installed when they are not. in • 
use, and they should' be pro- 
tected from electric arcs and. 



from dropping. They should not be used as rollers or otherwi se^abused irr a,/ 
way that may cause physical damage.- A dent in the cylinder will allow large 
collection spots to develop inside the cylinder and thereby create a hazardous 
condition-. Acetylene >hould be stored in a well-ventilated locatidn away from*' 
flames or combustible materials. Cylinders, with safety caps installed, must 
be secured so that accidental tipping over wiM not occur. 

Acetylene cylinders should only be attached to equipment manufactured 
for its use. Any makeshift p-iflng that *may .con tai n mo re -than 67% copper (such 
as copper tubing) can. form copper acetylide, which Is violently explosive with 
the s^jhtest sjiock. « *' ' 

, Before .storage^ or use, the acetylent cylinder should b*e checked for leaks. 
The distinct garlic-'.like smell of commercial acetylene is a quick indicator 
that there is a leak. Checking the top stem area (Figure 5) of the cylinder ■ 
valve ■wtth soapy water, or using other liquid leak checks will show if there 
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KING NUT 



. VALVE 
. HANO 
WHEEL 




Figure 5. J Acetylene^ 
cylinder val ve. 



u is-a leak, The top* stein are^ is tjie 
. -fno'st-commort area for' leakage:* The 

* f f packing" tmt design for pealing the 

• g . valve* stem should be carefully tight- 
eneb td stop- the leafc. If leakage - 
continues the. cylinder should be * 
moved to* an open area free .from 

J v * ffame or sparks wKilfe the vendor and 

safety personnel £re being notified. 
Manufacture and maintenance of these 
cylinders is\ regulated by the Depart- 
ment of Transportation 4DQJJ. Fwr- 
tfier study 4 into the saf|j^mdling of 



acetylene, can be found 



Safety 



for Compressed Gas and" Air Equipment," Module SH-26, and l \Safe Handling and 
Use of Flammable afnd Combustible Material's," SH-30. ^- 



• ACTIVITY 3: 



K ..Complete the 'foil owing statements to make them complete 
and true: s 1 • . ' 

a. Acetylene cylinders should Be stored and^used 

safe.ly by securing therein tKS\ * 

positio/L ! . 

1 b. Use only and H to 



find acetyl ene^eaks:' > ^ 

c. Do not use ' ^ tubing for piping V 
acetylene. „ - % 

d. Leaking acetylene^ cylinders must be 

frort the work area.** , • 
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2. .Identify the specific safety devices designed ^nto 
'the typical acetylene 'cylinder by matching the 
letle/ to^the number jn the figure at the left. 




\» ft*,},' • 



1. a 


a. 


Safety cap. 




"b. 


Fuse plug. . t 


3. • 


c. 


Steel cylinder 






-shell. 


4. 


d. 


Acetone. ^ 










e. 


Cylinder valve. 


6. 


f. 


Porous material . *\ 



objective 4: Identify two main hazards Associated .with 
the use of high pressure and high purity oxygen in. the, 
general -work area. • t 



( 



4 ^ To, obtain the high temperatufe neetfed for welding (melting) steel, oxygen 
'mJst be .added 'to support the acetylene flame. Oxygen is quite different from . 
air and should not be ref^r^^a.as air. Although oxygen is colorless, cxtor- 
less, tasteless, and i?oes not btfrn, it does support the combustion of any 
flammable material. In oxyacetylene cutting processes, oxygen ^of purity 
exceeding 99.5%) produces a 'chemical action (oxidation) between 'itself and 
' the ferrous (iron-bearing) material. This accelerated oxidation of the steel 
produces added heat in thp cutting area. Unfortunately, a similar chemical 
action (instantaneous combustion) can result >f organic materials such as oil, 
grease, dust, or*fabrics come in* contact with the high purity concentration of 
oxygen. Instantaneous combustion it a technical way of saying, explosion. • 

' ' - / 
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Thu^j^oil and grease must never come in contact with the oxygen supply or 
with oxyacetylene welding ^equipment. 

Qxygenis stored under very high pressure (2,200 psig). If the valve 
stem should be knocked* off /the cylinder, the escaping oxygen can propel the 
cylinder at an extremely high speed (up to 30 mph wi thrff*one % tenth % of <a 
second-). Such propulsion of the cylinder can result in ^rious injury or 
'damage. To avoid this possibility, the cylinder* cap should be installed to 
protect the valve stem whenevgjr* the cylinder. is not in use. 



ACTIVITY 4: 



-1. 



Name three materials that should neve'/ come irf 
contact with high purity concentrated oxygen or 
with oxyacetylene equipment. 



a. 

b.« 

c. 



-t 



s2 v Y A1 though' oxygen comes f^om the air around us, 
^-oxygen should never be referred to as air'. 
True Fal se 



OBJECTIVE 5: Identify by markings and description 
the structure, safety devices, and the basic safe 
.handling methods and control^ of the high pressure 
. oxygen cyl inder. 



/ 



The oxygen-acetylene welding and brazing processes require an oxygen 
ratio of 2.5 to 1 of acetylene for maximum combustion. Oxygen, like acetylene 
is stored in cylinders. However, oxygen cylinders are high pressure (2,500 
psig^ cylinders^ade of high strength forged steel with an integral safety 
cap and collar (Figure 6). The cylinder valve (Figure 7) has a doyble seat- 
ting"; .that fsV the valye seats when open' as well as when closed. This pre- 
vents m^high pressure oxygen fron> leaking around the valve stem. The valve 
alsa incorporates a safety device to guard against'excessi ve expansion of gas 
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TOBIN BRONZE VALVE 



SAFFrYJ=USe - 
^ ^tO^AND DISK j 



PRESSED STEEL 
NECK RING 




REMOVABLE METAL 
"SAFETY CAP 



MINIMUM 
WALL 0.260"" 



1 \ 



8.5" LD. 



\ 



VALVE 
HANDLE 



BACK SEATING 
SEAL 



51" 



SEAL VALVE 
SEAT«MUS 
BE CLEAN 




SAFETY DEVICE 



SAFETY 
DISC 



THREADS INTO 
CYLINDER 



THREADS FOR 
INLET NUT OF 
REGULATOR 



; OXYGEN INLET Fr6m 
OXYGEtf CYLINDER 



r Figure 6, Oxygen cylinder. 



Figure 7. Oxygen cylinder valve. 



pressure due to heat exposure in a fire. .Rather than allowing the internal, 
pressure to exceed the cylinder's test pressure (usually one and a half times 
the maximum working pressure of 2,500 lbs), the valve safety disc ruptures, 
and a time-controlled release of oxygen takes place. This highly compressed 
gas cylinder must^e treated with respect, as accidental tipping over usually 
results in the valve being broken off. Th^cylinder then becomes an unguided 
missile propelled by the high velocity of escaping oxygen. Cylinders thus 
propelled have been known to penetrate cinder block walls and steel buildings 
with ease. * ^ » . 

When Gylinders aire stored or transported, the safety cap (shown in-Fig- 
*ure % 6) must be securely in place. Workers should use specially designed 
cylinde^carts with securing devices for all cylinder transportation. 

Oxy^rv cylinders must be stored separately from fuel gases and must be 
located away from combustible materials, especially oil and grease. Care 
must be tak&rt to ensure that abusive handling doe? not weaken the cylinder 
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walls. Manufacture, testing,- and inspection of oxygen cylinders is controlled 
by the Department of Transportation (D&J). Cylinders must be hydrostatical ly 
tested (tested using liquid pressure), periodically. The date of hydrostatic 
.testing is theh stamped on th^ cyifn'der. Local distributors, who refill tjie 
-cylinders/ also perform hydrostatic tests at necessary intervals, according 
to the last date stamped, m / 



/ 



V 



Activity §f 



Fill in- the blanki to make the fol lowi ng , statements, 
complete 'arid true. ^ 
1 The oxygen cylirlders^can contain .a maximum of 
• psl'g\ \ 



2. 



If the cylinder valve is broken off, the oxygen 
cylinder will accelerate like a 



3. The oxygen cylinder sliojild be* transported with 

_ securely attached. 



its safety 

Manufacture, transportation , 'arid periodic testing 
of oxygen cylinders it controlled by _. 



OBJECTIVE i: Explain^th* need for a regulator on 
compressed gas cylir^ers-used inWelding. 



* The. oxygen and fuel gas(ps) that will tre used in oxyacetylene welding 
are stored Tn cylinders at pressures too high for use directly from the, 
cylinder. In addition, these gases must be monitored and controlled so that, 
they can be safely mixed in the correct proportions. This function is safely, 
accomplished by the pieceof equipment shown in Figure 8, called a regulator. 
The oxygen- regu'l ator tan indi catsup to 2,500 ps>g of oxygen on the gage clos- 
est to tne cylinder and can reduce it- to a working pressure of three to seven 
pounds fflf- welding, as £hown by the outermost gage. The acetylene regulator 
qiust- safely" reduce the 250 psig in the cylinder through the dangerous pressure 
range. It must maintain a working pressure ,pf one to twelve pounds while 
ensuring that-the pressure will never exceed the fifteen, psig^danger, point. 



f 
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WORKING PRESSURE GAGt 



J 




CYLINOEA GAGE ) 



EE" HANDLE 



4 If a regulator steps down 
the cylinder pressure in one 
step, it is called a, single- * 
stage regulator. As 'the con- 
tents of the cylinders are used 
up, this' type of regulator needs 
periodic readjustment of the 
tee-handle in order to main- 
tain the desired working pres- 
sure. ,A special regulator, 
identified.^ a two- stage 
re^Dlator, eliminates major 
adjustments because it is 
actually two regulators in one. 
The first stage reduces the' 
cylinder pressure to an auto- 
matic, preset, constantly 



controlled 4(Ato 50 psig, depending on the brand of, regulator. This interme- 
diate pr^ssur* is then further reduced to the desired working pressure by the 
second stage of the regulator, when the tee-handle is screwed in (clockwise). 
The gas 'is then released through a valve that is regulated by the constant 
[>ressur^ against the regulator's diaphragm. This delicate mechanism, and the 
gages, must be, protected 1 from -dirt, sudden surges, of gas, or other physical 
damage that could cause uncontrolled leakage. 



r 



ACTIVITY. •: 



) - 



Supply the word or words that wiM make each of the 
following- a complete 'and t>rue statement: 
1. Oxygen or acetylene gas 'should never be used with- 
out 'a regulator to 



*and 



the cylinder pressure. 
The 



stage regulator will require 



frequent readjustment of working pressure. 
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3. T+ie 



stage regulator actually is ' 



two regulators in one and will allow precision 
control of the'-gases used. 



A 



OBJECTIVE 7: Describe the procedure for installing 
a regulato^ * ' 



— 



To ensure' that the welding guises are safelv^arfci accurately controlled, 
th« workerr'must learn and actively ^partup-ptfte in a systematic safety check 
each -time,, the qxyacetylene weldin^ef cutting equipment is put into 'use. * 



Unfortunately, is is difficy^H^to 



tell whether this equipment needs repair 




POROUS METAL 
INLET FILTER 



until the worker«has actually hooked it up and tested it. The safety cheeks 
\ not "only save damage to *e^pensive equipment and thereby preserve human life 

affd health, but also ensure consistency^" operation. As i re^fftt, the opera- 
tor can produce quality welds tTvat, in turn, protect the life and property of 
the consular,. . ^ 

Each regulator comes equipped with a metal filter in the Inlet* nipple 
(Figure 9) to keep "foreign materials out pf the regulator. Such materials 
♦ could cause malfunctioning of the' 

valves and other control assemblies. 
The worker is responsible for visu- 
ally checking Che mating surfaces 
on the-regulator inlet fitting. 
'Phis check ensures that there has 
been no. physical damage such as, 
nicks or dents, and that there is 
no obvious contaminant such as dirt, 
^grease, or oil. Because of the hazard of oil and grease ,in the presence of 
high^pressure oxygen., each oxygen regulator and gage is imprinted with the 
'reminder: "USE NO OIL;" 'The gage needle should indicate "0". If any other 
reading is 'shown \ the gqge has been % subject to excessive pressures $nd will 
not give-accurat£ readings. ^Mal functioning regulators should be replaced and 
repaired by* authorized repair persons. 
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Figure 9. Porous metal ■ inlet 
? titer protects v?lve seat 
with high-flow filtration.^ 



To prevent com t ami riant s beintj forced into, the regulator, the cylinder 
should be secured in' the upright position, the protective cap shoufd £e re- 
moved, ^nd the valve should be quickly opened abou^1/8 turn, T+iis procedure 
will expell any dirt that has collected in- the cylirjdef valve during transit 
or storage (Figure k 10), This operation should'be done before attaching the 

valve anti regulator, and is known 



CYLINDER 
PROTECTIONlCAP 



OXYGEN VALVE 



CRACKING THE VALVE 



RIGHT HA WO 
THREAO OUTLET 




J 



as "crackling the Waive." It shofjld 
bft done carefully while* the worker 
-is standing to one side to ensur^ 
that residue cannot be blown into 
the worker's face. Before "crack- 
ing" a full gas cylinder, the , 
worker should survey the w^fc area 
tp be certain that^no open flames 
or arcs are present. 

Jhe cracking operation should 
be *fol lowfd -by a careful visual 
examination of the tylinder valve 
seat area to ensure the absence of 
^>i1, grease, or physical damage, 
prior to any attempt to attach the 
regulator, (ff damage js in evi 
dende, a worker should not attempt 



Figure 10^ Cracking the val^e. 

to fix the damage by forde-threadi ng the joint.) 

With the tylinder secured in the upright position, the regulator may now 
be safely attached. Thp ox ; yg ap» regulator has a right hand (clockwise) female 
nut (Figure 11). The acetylene regulator has a male nut that has ( a groove 
cut'into the fitting, indicating a left har/d (counterclockwise) tightening 
]( Figure 12). Both of the regulators should be tightened sftugly with a cor- 
rectly fitting wrench. The t^e-handle* for>adjusting working pressures should 
be ''backed out" /counterclockwise) unt*l no' resistance from.the diaphragm 
spring (Figure 11) is felt. This closes the regulator valve assembly and 
does not a\Jow g&s to escape through the hose outlet if the cylinder valves 
fre in the "on" position. 
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: **TB€ M 
REGULATOR HANDLE 



/ 01 AP MR AM SPRIN<| 



REGULATOR INLET 
FITTING SEAT-MUST 
A BE CLEAN 



ADJUSTING SCREW 



SPRING BUTTON 
v 



DIAPHRAGM ASSEMBLY 




RIGHT HAWO 
INLET NUT 
TO ATTACH 
REGULATOR 
TO VALVE 



SEAT SPRING , 



OULET TO 
OXYGEN 
HOSE WITH 
CHECK VALVE 
OUTLET* 
FITTING 



THREADS TO FASTEN 
WELDING HOSE ONTO 



Figure 11. Oxyaen cylinder regulator. 



A preliminary < 
Teak check of the * 
cylinder -valve to the 
regulator joint can 
be ma^-^^slowly 
opening the valve, 
while standing to^jxie 
side , 'until the cyl in- 
der pressure gage (the 
'one nearest the cylin- 
der) indicates the. 
actual 'cylinder rp re's- 
sure, t)nen closing We 
cylimrpr valve. ^Open- 
ing 4 the 'cyl inder valve 
slowly (cracking) will 
protect the regulator. 




and gages from the^sudden surge (Jf 
high pressure gas: 



/ 



GROOVE CUT 
4N FITTING 



When opening a 
valve with the regulator* attached, 
operator^ should observe the essential 
precaution of standing to one side. ^ 
Then, if/the regulator should fail 
due to the high 'pressure, the opera- ' 
tor is less likely to be Hit by ex- 

♦ 

ploding* shrapnel. 

If the regulator gages maintain 
the cylinder pressure in the shut-off 
(tee-handle out and cylinder valve 
closed) condition, there are no large leaks in the connections. L If "the pres- 
sure indicates a constant drop, there may be a 1*eak in either the cylinder 
valve to the regulator -joint *r in the regulator itself. Detailed, leak tests 
using s^oapy wafer should b« performed after the unit" is completely assembled., 
If any defects in regulator operation are-encountered, ^e complete unit 

r * 



Figure 12. Standard male nut 
on acetylene regulator. 
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should.be tagged, with the defects noted, and it should be forwqrjded to an 
authorized repai r station, \ v - 



ACTIVITY 7: 



, Choose the best answer. . • 

1. The mating surfaces' on the *Pegul ator 'inlet fitting* 
5>»oul d be checked for; * ' 

Physi cal damage, 
b. Dirt. , . • 

% c. Grease or oil . 
d\ Al 1 of the above. 

2. "Cracking the val.ve" refers to: 
a. burning the regulator, valj/e 1/8 of turn 



to clear ii out (while standing to one side). 



*b. 
c. 



ig/t 



V 



Attachingjthe regul ator to th$ cylinder. 

;Turnfng the cylinder \Talve 1/8 of. a turn to 
clear it out (while standing to bn.e side). 

tf. rrep«^of the above. 

The acetylene regulator has a nut. 

a. Male nut with a groove cut into.the fitting ^ ' 
indicating a left-hand (counterclockwise) 
tightening. * # 

b, . Female nut for right-hand (clockwise) tightening. 



77 

OBJECTIVE * Identify the characteristics of hoses 
acceptable for the use of oxygen '^ffti, fuel gas welding. 



One of the advantages of the oxy-fuel welding process is its high degree 
of % portabi l ? i ty. * This characteristic is dependent on the gases being" trans- 
ferred to the work piece by a ffexible , safe /nethod. To transferee gases, 
hoses'are used. These'hpses $re mad^ on^fabri c. reinforced with rubber coating, 
an,d are usually of twin hose design t^lessen hose entanglement and to main- 
tain hose identification. The hoses are color-coded:/' red. for acetylene and 
gr,een for oxygen. The fittings are installed with a left-hand (grooved) nut 
on the acetylene (red) hose, and with a right-hand nut on the green oxygen 
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hose. Hoses that have been used for compressed aiV should never b.e used with 
oxy-fuel weldinQ equipment because "traces of oil from the compressor will 
have contaminated; th* hoses . To avoid contamination, compressed air should* 
mot be used to bjypw ou*T any/ oxy- acetylene equipment. * ' 



The hoses mus^oe ^lorig enough that the worker does not exert excess 



strain on the hoses, cylinders,* or regulators wlrile trying to reach the work 
area. If long stretches of hose a*£ to be used, the worker needs to' select 
the larger diametfer hoses^to ensure that the ^correct volume of gas reaches 
the torch. During use, the hoses m^y become dangged'by cutting or burning. 
However, in NO case is taping allowed, for repairs. The damaged area may be 
cut out, and standard metal splices used for repair, but only ,after a check 
to ensure that the ins ides of the hoses have not £een. damaged. 

The^hosfes must be- kept free of oil, gas, grease,, or other -materials that 
wijll degrade rubber products. Hoses should always bfe protected 'from being 
steppe^ on, run over, or tripped* over. Trapping l)ver hoses could rip connec- 
tions, or knock down cylinders. Flying sparks, hot objects,, and flames must 
also be kept away from hoses. * ^> 

After the ho^es have been examined for contamination, they may 'be at- 
tached to^the regulators. The arcetylene hose, which has a female thread, 4 
should be attached to. the acetylene, regulator , whicV-has a male threap. The 
oxygen hose, which'has a male thread, should be attached to the oxygen regu- 
lator. 



ACTIVITY 8: 



T 



Mark each statement True or False. 

^ 1. ^oses used for compressed air should 

* % never be used for oxygen or acetylene. 

' 2. A Xwin hose defign will help eliminate 

entangling of hoses. 
,3. The acetylene -hose will have a* left-hand 

fi tti hg. nut, and be color coded' red. 
(4. C&Wand burns in hoses may b^ safely 

repaired by taping. 



< 
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objective 9: Describe the general construction charac- 
teristics of the oxyacetylene torch and- the method of 
'its attachment to the welding unit. 



The oxygen and* the acetylene or the other fuel .gases/ are kept separated 
until they reach the- oxy-acetylene weldi ng torch. 'The welding torch, illus- 
trated in Figure 13, is designed to meet the*safety requirements of the 
Underwriters' Laboratories and other safety organizations. ^ * 



OXYGEN HOSE 
CONNECTION GLAND 



OXYGEN NEEOLE VALVE 
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COPPER TIP 



MIXING HEAD 



oxygen tube 
Handle 

L 





TORCH HEAD 



ACETYLENE TUBE 



HOSE 

?£5> — CONNECTION 

BptWD NUTS 



• ACETYLENE NEEDLE VALVE 

^ ACETYLENE ROSE CONNECTION GLAND 

Figure 13. General purpose welding torch. 

* t ' f . . 

Depending on the brand name and model of the torch, the mixing of gases 

r 

0§n take place i^th^ torch handle, i^Vie torch tip adaptor, or in the case 
of cutting tips J _in-fch€ tip itself. Proper maintenance of the torch is 
essential for production of quality work and r for safety. 

The^worker must practice caution even on initial assembly/ Prior to 
hooking up the torch to the hose, the worker should purgfc the*hose with a 
quick burst of oxygen to ensure that any' contaminants are blown out of the 
hose. * 

The torch should be carefully examined for signs of contaminants or 
damage (especially to the threads) incurred during storage. Then the hose 
should be/carefully tightened to the torch. The torch valves should then be 
closed 2j)d ttfiPappropri ately sized welding^tip installed fcfr the fifial Teak- 
age testing. 



Page 20/SH-28 



- To ensure that the worker does not discover leaks through unplanned 
fires, the newly assembled welding ^init should have ea~ch joint tested with 
soapy water made from soap'wijth minimal Contaminants*. Thi's tes^^can be per 
formed by pressurjz%g up the 'unit, then painting e^ch jQintwith the soapy 
water (Figure 14), During each sub^equent^use, the unit can be^ easily spot 



SOAPY WATER WILL BUBBLE 
AT LEAKING fOINT 




-Figure 14, Leak testing. 



checked for leaks by the ^lowirjcj . 
sequence: 

1. With the tee^handle backed out .(off), 
turn on* the cylinder valve; then 
close the cylinder valve. Watch 
the cylinder gage for signs of" 
leakage. 

2-. Turn on the cylinder valves and 
screw the tee handle in (clock- 
wise) to th£ correct operating pres- 
sure. With the torch valves closed, 
turn off the cylinder valve, and • 
watch the working jwressure gages 

t for a drop in pressure. , 



ACTIVITY 9: 



Complete the following exercises. 

1, List three places the gases could be mixed in . 
an oxy- acetylene torch: 

a. \ 

v b - ' : , : 

( c, 

2. Briefly describe the sequence for leak testing 
the welding unit: 4 - 
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OBJECTIVE 10: Cite the correct procedures for pres- 
suring up/ lighting, adjusting, and shutting down the 
oxy acetylene torch. 



Workers must constantly monitor their techniques as well as the welding 
equipment. Alffiough some malfunctions can occur during everyday use, they 
manifest themselves by easily detected sounds or obviously erratic operations. 
Workers should set up and shut down in a. systematic manner, checking as they 

i 

go for evidence of hazardous conditions.. If the same sequence is followed 
during every usage of equipment, the possibility of overlooking a potential 
hazard will be greatly reduced. ^ 

After the torch is attached' to the hoses, the cylinder valves should be 
slowly turned on (with the operator standing to ©ne side). The oxygen cylin- 
der must be opened all the way to ensure that the high pressure gas will not 
leak past the valve st s em. The acetylene cylinder valve need be opened only 
1/4 to 1 1/2 turns, # and 3/4 turn is preferable. If the valve design requires 
'a wrench to activate it, the wrench should be !<>,ft on the valve .throughout 
usage so that an emergency shutdown can be made quickly. 

When the tee-handle is turne<!hclockwise, the working pressure will in- 
-crease to the setting specified by the manufacturer of the torch. The torch 
*^va1ve shouW then be opened momentarily to ensure that tliTe correct pressure 
is available with the valve openl This operation also serves to purge the 
line. A slight drop'in the gage pressure is common and may be compensated * 
for by turning the tee^pndle to increase the working pressure. Once the 
torch valve is closed, there will normally'be a 'slight increase in the working 
pressure gage reading of one to three pourtds (Figure 15). 

The worker stiould pause and continue to observe both working pressure 0 
gages with the torch valves closed. Any additional increase in working pres- K 
sure should be cause for concern. This concern is justified because a regula- 
tor that allows the working pressure to "creep" upward is afi irrdication that 
there is a malfunction of the valve system (Figure 16). When -"creeping" is* . 
observed, the worker should immediately back off (counterclockwise) the tee- 
handle', shut off the cylinder valve, and bleed the system by opening the 
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PRir 



CYLINDER PR E5SUF\Jg NEE DUE POSITION WHILE 

GAGE (NOT AFFECTED WELPING AND SEVERAL 

BY JUMP) SECONDS AFTER TORCH 

r * tySHUTOFF 



INLET 
FITTING 




SHADED AREA 
INDICATES 
AMOUNT OF JUMP 



70^1 NEEDLE POSITION"* 
IMMEDIATELY 
to ,v^/X AFTER TORCH 
ix'Vif IS SHUT OFF 



REGULATOR 
BODY 



LOW PRESSURE 
(OUTLET) GAGE 

•OUTLET 
FITTING 



Figure 15. Needle- jump. 



^CYLINDER 
PRESSURE 
, GAGE 



GAGE POSITION 5 M IN 
• AFTER SHUTTING 
TORCfc 




NEEDLE MOVEMENT 
DUE TO REGULATOR 
LEAKING AFTER 
SHUT DOWN 



GAGE ^ 
POSITION 1 HOUR 
AFTER SHUTTING 
TORCH OFF 



.LOW PRESSURE 
(OUTLET) GAGE 



Figure 16. Creep, occurring after 
t&rch is*shut -off , alerts the . 

worker to malfunction. ^With creep, * 
the needle is steadily rising. 



torch valve. The regu- . 

.lator should' be-4mne44 

ately removed from opera- 
tion, tagged with the na- 
ture of the malf unction, 4 
and Vorwarded'to an autho 
rized repair station. 

The worker should 
periodical ly check the ' * 
welding unit for correct 
working pressure. Just ~ 
as pressure too high * 
(over 15 psig) can be 
hazardous with acetylene, 
too low a pressure *can 

9 

cause the fTow of acety- 
lene through the torch 
to be too slow. A slow / 
flow can be^frS^lrdous, 
as acetylene has a *f >ame 
speed (rate of burning) 
of 330 feet per second. 
If the flow of acetyl ene^ 
i s not suffi cient, the 
flame can s'tart' to bun^ 
back inside the torch 
\ip and* on into' the torch 
This condition is known 
as "flashback" and usu- 
ally is accompanied by' 
a shrill hissing sound. 
-Pf a flashback 'occurs , 
the flame should be 
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extinguished immediately by shutting off the oxygen FIRSfT (since oxygen is 
the material that supports the internal fire). The fuel gas should then oe 
shut' off. • Each welding torch or regulator should be supplied with flashback 
or reverse*- flowpfcheck valves in the torch so that flame* should not be able v 
to enter the hose.. However, after a^flashback has occurred, «the torch assem- 
bly should be-inspected By an authorized repair station before it is used 
.again. . - 

Jhe< woYker can enstire that the correct amount (volume) of gas i ^'supplied 
to each size tip by first setting the correct operating pressure on the' acet- 
ylenje regulator. Then the torch valve should be opgned one fourth of the 
way, and the torch lighted with a standard torch*strifcer. -The acetylene 
valve should then be opened until all black soot disappears from the flame. 
Th>s setting will be the. optimum flow rate of acetylene' for tire tip selected. 
Itye 'oxygen can then be added to produce a neutral flame. 

Another operating malfunction commonly occurring is "backfire."* Thi s 
i s usually caused by operating the, tip too close to the molten puddle, by 
using incorrect pressures, or by having a contaminated tip or a loose tip 
assembly. If 'repeated popping/backfire occurs, the torch should be inspected 
for loose Joints- or poor operation mechanisms. ^ 

i-tlps cafrbe^Tcept clean by systematically shutting off the fuel gas first 
in each normal shutdown. This will allow the oxygen to blow out any soot or 
corltaminants in the .tip. ^mever , the technique wilf^mask any slight : leak in 
the acetylene yaltfe that woulq.keep burning if the oxygen wer^e shut off firSt. 

The worker is responsible not-only for safe operation of the gas welding 
unit, but also for shutting down and s ecuring the equipment in a'safe manner.^ 
If the welding unit is'not going to be used, orWill be left unatterfded for, 
other than a few miputes, the system should be b\ed. The* cyl inder valves of 
botflbcygen and acetylene should be shut off firsjt. The torch valves should 
then^9fc>pened to allow the trapped gas to escap/* The tee-handle should 
.then beoacked out (counterclockwise) and th^tc^Ri valve closed. When the ' 
equipment is shut down in this manner, the regulator gages should be on zero.* 
The unit should then be protected from unauthorized use. When the worker 
wishes to use the oxyacttylene cutting process, other potential hazar^ arise. 

* 
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LEVER 



STAN OAR 0 TORCH BODY 



Figure 17. Cutting attachment for 
; welding torch. 



T)ie combination 
torch design (Figure 17) 
allows thfc welding tips 
to be replaced by a cut- 
ting head. The oxygen 
preheat flames are now « 
controlled by a valve 
^t mid- torch/ Thfe cut- 
ting -function of the 
torch is controlled by a lever valve that introduces a stream or jet of oxy- 
gen at a high pressure into the molten metal. This results in a shower of 
sparks exploding from the cut line. Since the shower of sparks can travel 
great distances (40 teet or more}, the hazards of this procfcss warrant having 
a perso'n to watch for fire. The river of molten metal will burn or damage 
hoses, machine's, and even a seemingly impervious concrete floor. If the hot 
molten metal is allowed to come in contact with the concrete floor, the sudden 
expansion of moisture in the floor wi-11 cause particles of concrete and slag 
to explode in all directions. * * * 

In addition, the worker must plem ahead to 'ensure that the material that 
is being cut off^does not fall -and injure personnel or equfpmeptCj^ 

Cutttn^into or welding on contain^j^that have contained flammable mate- 
rial can c fa|se Violent explosions, "fach container must be treated as a 
potential hazard until properly cleaned." Proper cleaning may involve the use 
of steam, caustfc solution^ or flooding with inert gases such as CO2 (carbon, 
dioxide). The additional precaution .'of fijliflg the container with water will 
limi^ffi an&nt of volatile material present at the weld line. 

■JPxer every welding or cutting operation h^been completed, a fire watch 
should be maintain^ 'for at least one-half hour, to ensure that there are no 
smoldering fires. 
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ACTIVITY 10: 



Supply the word or words to make the statement complete 
and true. 

1. All cylinder val ves'should be turned on * 

to avoid damage to the regulators. 

2. Oxygen cylinder valves should be completely 

to ensure leaks will not occur around ' 



5. 
6. 



the*~sfcem. • 

Acetylene valves should be opened only 

turns to ensure a quick emergency shutdown. 
A regulator that allows the working pressure to 

keep increasing -is said to be ^nd 

should be removed for repairs. 

Flashback is #ccdmpanied by a. sound. 

List fpur hazards commonly encountered when 
oxyacetylene cutting: 



4 



C. 

d. 



OBJECTIVI 



T 

TIVBV11: 



Identify the sequence of steps 
involved ih setting up, lighting, and^shutting 
down the Oxyacetylene welding process. 



•The basic steps for setting up the oxyacetylene walding apparatus should 
be learned and followed routinely. "To setf up the welding apparatus, these 
s'teps should be carried out: 

1. Inspect the valve threads. 

2. Crack the cylinder valve. 

3. Inspect the regulators. t 1 

4. Attach th| regulators to the valves. 

5. Release the tension on the adjusting screws (tee-handle). 
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6; Open the cyli nder valves . (Thd preliminary leak check may be done 

at this point, ) - * . ' 

7. ' Examine the hoses. 

JJ. Connect the oxygen hose "tq the oxygen regulator, 
9? Connect the fuel hose to. the fuel ^gulator. 



1(L Purge the lines. 1 ' - . 

11. Inspect the torch*. - * 

12. Attach the hoses to the torch. 

13. Attach the proper head.,' tip; or nozzle to the torch; inspect for 
damage,, oil, or grease "before connecting. 

14. Check for leaks, 

15. Adjust the' working pressure and purge the lines. 

To light the torch, wear safety goggles; use a striker instead of matches; 
keep acetylene at or below*15 psig; and check to see that the area is free of 
ignition sources.- Observing these -precautions , light the torch according to 
the following procedure:' 1 
/I.. Open the torch fuel $as valve abbut one fourth turn. 

2. A Light the tip. * " - 

t, * « 

3. Adjust the fuel gas flame. - ' 

4. OperptTie torch oxygen*valve until a neutral flame is obtained. 

To shut down the welding apparatus, follow these procedures: 
V. Shut off the torch *v*1v,es. : ~i 

• 2. Close the cylinder valves/, • A 

3. Open the torch valves, and turn out the pressure-adjusting screw, then 
close the torch "valves. . 

4. Uncouple the regulator. \ , 

' 5. Remove the regulators* before movyig the cylinders. : 
6. Maintain a frFe"watch for at least* one half-hour after operations 
are completed, ^ • , • 



i 
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ACTIVITY 11: 



* 



Number-the following steps in*proper sequence: 

a. / Examine the hoses. 

b. Purge the lines.* 

c. Adjust the working pressure and purge .the lines. 

d. Inspect the regulators. * 

e. £heck for leaks. 

\f. Attach the regulators to the valves. 

_^ g. InsRpQt the valve threads. 

h. Inspect the torch. 

i. 'Connect the oxygen hose to the oxygen regulator. 

J. Attach the proper head, tip, or nozzle to torch; 

inspect for damage, Oil, or grease before con- 
necting. 

k. Crack the cylihder valve. 

1. Release tension on adjusting screws (tee-handle), 

, m. Connect fuel hose to fuel regulator. 

* — < * J 
n. Opert cylinder valves*. 

o. Attach hoses to torch. 

List, in sequence, the steps for Lighting the torch. 

a. ' 



b. 

c 




3. Mark each step in the pair with a 1 or 2, according to 
Us sequence. > 

' a. Shut off -the torch valves.' 
• b. - Close the N cylinder valves. % 

"c. Uncouple the regulator. 

( d. Open the torch valves; turn out the pressure- 
adjusting screw, and close the torch valves. • 

* * 

e. Maintains fire watch for at least one half- J 

hour. 



Remove the regulators before moving the cy-' 
1 inder-s... % 
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* OBJECTIVE 12: List the personal protective clothing 
required for safe operation of the oxyacetylene 
brazing and welding process. 

Workers using the oxy- acetylene welding- or cuttTng process 'are respon- 
sible for protecting themselves arid their fellow workers by keeping the 
immediate welding area free from flammables and by maintaining sufficient 
ventilation, Tbe mere burning of the oxy-acetylene, flame in a confined area 
can use up the oxygen needed for, breathing., In addition, welding or' cutting 
on painted or coated*surfates can produce toxic fumes. Parts that have been 
oleaTied with chlorinated hydrocarbons, such as trichloroethane, and that have 
been subjected to v/elding heat, can produce poj^onous ^phosgene gas. 

Welding on galvanized metal ,will make the zinc coating volatile. In 
addition, use o^the 6000°F flame to fuse brass at 1600°F (brazewelding) ?an 
result in overheating the 40% of zinc content" of the brazing .rod and the 
subsequent release of excessive amounts of zinc fumes. These fumes can cause 
zinc poisoning, with symptoms of severe fever^<hiljs, artd exhaustion. * 

Many nuts and bolts are now cadmium-plated to prevent rust. This cadmium 
coating is made volatile during welding, and like lead, can build up in the 
body to" serious toxic leveU. Use of the 6000°F flame to Jjraze with silver 
al loys/i .melting -at •4300°F, or soldering with alloys melting at 400°F, usually 
leads to localized overheating of the joints. Some brazing and soldering 
materials -have high -percentages of cadmium«in their composition. In addition, 
the fluxes used with these processes contain large quantities of fluorides 
and chlorides. Adequate fresh air and local exhaust ventilation can help to 
prevent exposure to toxic fumes. Additional protection can be obtained. by 
the use'of respirators complying with OSHA (Occupational Safety and Health 
Admintstration) regulations. * • 

S The oxy-acetylene flame also gives off low level ultraviolet rays; in 
addition, the heat of the flames cause the eye to be subjected to infrared 
heating rays. A shield or mono-goggJe style (figure 18) with filter lenses 
of shade number four or five should be used at all times. This mono-goggle 
design/allows porkers to wear their standard tsafety glasses at all times,- as 
a secondary precaution against popping metal .or flying slag. Without the 

,SH-28/Page # 



V 



r 



■r 



Figure 18. Mono-goggle 
style. v 



reduced glare provided by, the weldingpand* 
cutting Aggies, the worker canno^evert i 
correctly see^ the^ neutral flame Reeded 
for production of , acceptable we^ds. Thus, 
workers* who f&il to use welding goggjes * , 
not; only expose their eyes ,to permanent 
daniage but also cannot produce high qual^ 
ity, sctf^elds or cuts. 

*A11 personal clothes should be as 



* . 



J flame- re tardant as possible. Most of 

' * v * 

today's synthetic materials melt readily and should be avoided. Xotton is^ 

.good, but wool is-better. Weanng.a specially treated over-garment and high- 
top shoes, keeping pants cuffs turned down and pockets /ree of flamnjables 
such as matches,' and keeping StiJi rt-s 1 eeves and -neck buttoned will minimize 
burns. Lf there inconstant overhead welding or cutting, the worker should 
be dressed in special- f lame-retardant or 1 eather^ safety equipment. LojTg 
leather gloves (gauntlets) should be used for all but the liglfcest of Jobs 



(Figure 19) 



\ 



r 




/ Safety shoes, a cap,, and safety 
tjl^lsses should be a permanent part of 
the worker' s attire. Always usipg a 
Striker to' ignite the torch rather 
than >ising a match or lighter will 
safeguard against bums to' the hands, 

>Butane lighters have been associa- 
ted with accidents fatal to welders,. 
In one corporation, two Such .accidents 
were reported within one sixty-day 
period. In each case, an employee 
with a butane lighter in his pocket was welding. When a welding spa^k landed 
on the lighter and burned through the case, an explosion resulted. The 
welders were killed by the explosion in both cases. ^ 

Remember, shortaut>--4^ welding safety are dangerous. The wearing of per- 
sonal protective equipment is an essential part of the welding process. 



Figure 19. Long leather 1 
^'gloves (gauntlets'). 
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, 1. List five personal safety items anyone working-with 
the'^fuel gas welding process 'shoulU wear. 

a. ■ * ' 

b. . ; *_ 

c. 

d. 

e. ; ; 

2. List two fumes encountered in welding that will be 

- detrimental to a worker's health. 



objective 13: Identify the major hazards .inherent in 

* • 

^using the shielded metal arc welding proces^.^ ^ ^ 



Arc welding is a process for- joining metals by means of the heat created 
'by an electric arc. The pieces to be welded are placed in position, and ^e 
intense heat of the electric arc, when applied to the joint, melts the metal. 
Pressure may be applied, and filler metaTmay be used. When the joint cools, 
it becomes one solid piece. 

Shielded welding is a form of arc welding,, that uses gas and flux (a 
substance used to promote fusion of the metals) to blanket' the welding. It 
is used for joining metals that oxidize readily at high temperatures (such as 
copper, aluminum, and stainless steel). 

The American Welding Society lists eight separate welding processes 
under- arc welding. The most common of these processes encountered by the 
metal worker is the shielded metal arc welding (SMAW). This process uses the 
heat of an electric arc (10,000°F), to melt' a consumable, coated Electrode 
ancj the base metal. This melting produces a^nixture that solidifies to form 
a weld deposit (Figure 20). 
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MOLTEN PUOOLE OF 
WELD AND 8ASE 
MATERIALS 

* WELDOEPOSIT 



PENETRATION 
INTO BASE METAL 



Figure 20. Shielded metal arc 
welding OSMAW). 



To acftSfrplish the 
foregoing f,eat, a power 
source capable of pro- 
ducing 50 to 300 amps 
with voltages approach- 
ing 100 vol ts "i s re- 
quired*. The worker 
must learn to control • 
this current safely, in 
addition to*observing 
and controlling a flow> 
of molten metal through 
a -bril liant arc. 

Obviously this process r-(SMAW) will require special* precautions to safe- 
guard £he worker. The jfljanuf acturers who produce welding power sources have 
accomplished their part through careful designing to standards set bytthe 
National Electrical Manufacturers Association (NEMA). This organization en- 
sures that each welding power source is rated, contains safety devices, and 
is approved by the Underwriters' Laboratories prior to its sale to the welding 
industry. . " 

The welding industry uses alternating current Ga.c.) welding machines in 
which the high' li ne, voltage (outside power source) 1s transformed into usable 
welding current. TypTc'al welding currents are 50 to 300 amps with a maximum 
•open current voltage of 80 volts. 

Each welding machine that receives its primary power from ^he. high line 
should 4 be thoroughly grounded and installed by a competent electrician. It 
should have a disconnect box fused vjithin the requi remerrts stated on the 4 
machine nameplate. The machine should always" be isolated (switched off) from 
the poAer whenever it is not in use. 

Prior to activating the welding machine, the worker must make sure the 
welding ground and the electrode holder are separated. The worker must-be ■ 
aware there will be between 80 artd 100 volts potential between the electrode 
and the welding machine ground, or anything the ground is attached to/ 
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ACTIVITY 13: 



Supply the correct words to i^ake the following true 
statements complete.- 

1. The most common arc welder process used is the 




2. The* wtffkers using the SMAW may ,be subjected to 

shock unless the welder 



is correctly installed. 



3. The SMAW ^process produces a very brilliant 



4. The worker will be subjected to 



from mol ten spatters . 

4 



OBJECTIVE 14: List the Ji^zardous conditions present 
in the average SMrtftl area. • \ 



The potential (voltage) between the work piece and the electrode (and - 
the holder) is necessary for consistent establishment of the arc for weldfng. 
Therefore, the worker must be sure thaftfie electrode holder is properly 
insulated and that the cables used fJr carrying'the welding current are in- 
sulated by a continuous coating fre/ from Cracks or .cuts. Any grounded ob- 
ject coming in contact with the electrode, with bare portions o^ the electrode 
holder, or with defective cable* will result in a concentrated arcing. This 
indiscriminate arc could be disastrous if the arc occurred on 'highly pressur- 
Jzed cylinders (such as oxygen) or on containers carrying flammable materials. 
T^worker should also ensure that the work are^is'free from wet or damp*' 
areas and oily, greasy, or otherwise flammable materials. The worker should 
, also' avoid getting between the electrode, the holder, and the welder ground 
without the pVotection of^ong gloves (gauntlets). If the .work area is wet , 
or damp, electrical shock 'can result. 1 

.All bare tables should be replaced and bare machine terminals should 
have insulating devices .installed. The worker should turn off power to the 
welding machine while stringing cables above traffic areas. Stringing cables 
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above traffic areas* ensures that the gables will not be physically' abused by 
vehicle traffic. Anytime the worker must crawl into a limited access area 
to perform SMAW, an assistant should be available for turning the welding 
machine on or off after. the worker ha§ gotten into position to weld. 



ACTIVITY 14: 



Mark earth- -Qf the following statements True or False. 
' 1. When , the welding machine is turned on, . 

any item that is grounded wi'U^have the 
potential (voltage) to cause arcing. 

2. A wet area is a 'safe work area. 

3. Striking an arc on an oxygen cylinder 
can cause a violent explosion. 

4. Welding oebles should not be run over by 

vehicles such as fork trucks, 



08JECTIVE 15: List the type of rays^present in the 
welding arc and describe the methods of protecting 
the worker. 



The most widely recognized, yet misunderstood hazard with- any arc welding 
process is the nonionizing radiation produced by the arc itself. Fev< workers 
realize that the intensity of the ultraviolet' rays and the infrared rays pro- 
duced by the arc arp the same as those that produce sunburn. With this arc* 
source between fourteen inches and a few feet from eyes and unprotected skinfr 
only a few njinutes of look'ing at the arc will result in a "flash", or arc- 
burned, eyes and skinv When, such a burn occurs to the eyes, withina matter of 
hours the eyes feel $s if they are, filled with sand, and only medication dis- 
pensed by a physician will stof> the "hurting." This condition can last from 
24 to 48 hours' and canjead to lost time, to accidents, and to impaired night 
^-y^ion. . s 

Obviously, a person would not stand outside and look at the sun, so 
neither should a person look at the arc. However, 'many innocent bystanders 
do "get their eyes burned or "flashed" because the arenas reflected off a 
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shiny surface beside Other work stations, or off the shiny surface on which 
the welding is being performed. 

For temporary welding areas, the welder should erect a flash screen to 
protect fellow workers. Many of the extraneous arc rays can be combated by 
the wearing of safety glassed with colored (shaded) side shield and lens. 
These "flash goggles" should be light enough^that they may be worn safely in 
the' shop area, yet dark enough to protect the workers' eyes against accidental 
arc flashes. ^ 

If the work area is used continuously for arc welding, the walls, ceiling 
^nd equipment 'should be painted with light-absorbing colorsTbut the colors^ 
should not be so dark as to create a high contrast between the bright arc and 
the tJark areas. Additional protection can be provided by establishing "see^ 
through" protective curtains a^long' walkways and aisles to lessen the chance 
of stray arc flashfng. , « y 

Welders, or welders helpers, who are in the immediate arc welding area( 
continuously must always be on guard; maximum protection for their eyes can - 
be supplied by welding helmets. Such- protective gear (Figure 21) must be * , 
carefully maintained by the user to be sure'that the correct filter glass 
shade is used, £nd that no 'damage has occurred to the helmet or to its com- 
ponents. The filter lens may be of glass or plastic but the helmet should 




Figure 21. Welding helmets 
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always have a protective, disposable, clear lens in front of and behind the 
filter. Any filler lens of plated design should be handled and cleaned care 
fully, as anyl\scraping off of the protective coating can result in excessive 
ray penetration. Welding with' the helmet too close to "the work can cause 
warpage*of the helmet and a leakage of arc rays will occur. The need to be 
closer than 14 inches may be an indication of vision problems. Work is usu- 
ally done at a distance of 14 to 18 inches. 

As the size of the SMAW electrode increases, so must the amperage re- 
quired to melt off the electrode. With the increase in amperes comes an 
increase in the intensity of the arc rays. SMAW using less than 150 amps 
can be done safely with a filter lens shade #10; other processes or larger 
electrodes will require lens of #12 and #14 to be used. In no* case should 
shades less than #10 be used. Never rely on oxyacetylene goggles forQro- 
tection. 

Table 1 below is a guide for the selection of the proper shade numbers 
of filter lenses or plates used in welding. The table is taken from the 
^werican National Standards Institute Standard Z87. 1-1979 on eye and face 
protection. 



TABLE 1. SELECTION OF SHADE NUMBER FOR* WELDTnSTTLTERS . 



•Welding Operation 


Suggested 
Shade 
flumber* 


Shielded Metal-Arc Welding, up to 5/32 in (4 mm) electrodes 


" 10" 


Shielded Metal-Arc Welding, 3/16' to 1/4 in 
(4.8 to. 6.4 mm) electrodes 


12 


Shielded Metal -Arch Welding, over J/4 in (6.4 mm) .electrodes* 


*14 , 


Gas Metal-Arc Welding (Nooferrous) - ^ y 
Gas Metal-Arc Welding (Ferrous) 


11 


12 


Gas Tungsten-Arc Welding v 


• 12 . 


* 

Atomic Hydrogen Welding 


12 


Carbon Arc Welding 


14 :' 


Torch Soldering 


2 


Torch Brazing 


3 or 4 


Light Cuttingr', up to 1 in (25 mm> 


3 or 4 
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Suggested 
Shade 

p f . -Welding Operation Number*, 



Medium Cutting, 1 to 6 in (25 to 1,50 mm) *4 or 5 

Heavy Cutting, over 6 in (150 run) 5 or 6 

Gas Welding (Light) -up to 1.8 in (3. 2. mm) .4 or 5 

Gas Welding (Medium) 1/8 to 1ft. in' (3.2 to 12'. 7- mm) ' 5 or 6 

Gas Welding (Heavy) over'1/2 in (H^.7 «qi) 6j^r 8 



*The choice of a filter shade may be made on the basis of visual acuity 
a*id may therefore vary widely from one individual to another, particu- 
larly under different current densities, materials, and welding pro- 
cesses. However, the degree Qf protection from radiant energy afforded 
by- thq; filter pVate<or*lens when chosen to' allow visual acuity v^w 
sti^l remain in excesrof the needs of eye filter protection. Filter 
plate shades^is low as shade 8 have proven suitably radiation-absorbent 
for protection from the. arc-welding processes. 

• Note: .In oas welding $#oxygen cutting where the torch produces 
a high yellow light, it is desirable to use a filter lens 
that absorbs the yellow or sodium line in the visible 
light 'of the operation (spectrum) . - 4 



W£ien one is welding outside in bright sunlight, tHe lessened contrast - 
in light will •result Jn less danger from arc flash; welding indoors or at 
night will. result in greater contrast, an^thus more arc burns. 

The worker must protect any exposed skin Jay buttoning shirt collar and 
shirt sleeves. Work clothes should not be light in color, as they will tend 
*to reflect the arc rays up under the helmet. Repeated burning of -the skin 
by the ultraviolet rays has-.been proven to cause cancer of the skin. The 
wearing of contact lenses during welding is not recommended. ^Due to the 
spatter and slag involved ]n SJtoW, wearing safety glasses behind the helmet 
js a good safeguard. S 5 ome authorities recommend shaded safety glasses to help 
guard against' flash exposure. However, if the v^rk area # is^omewhat dark, 
the worker is lively to remove shaded safety glasses to inspect jthe vfork and 
is then vulnerable to eye injury. 
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ACTIVITY Jlti 





Complete .the following exercises: * 

T. 'List the tyo types of rays preseht in the arc. 

a. ' . 

b, ' : ' ' " y : " ' 

?. .List the minimum artd*lhaximum shades of filter 
"lens used for SMAW* 



,^a. 
b. 



3. The welder's eyes, face, and fieck is protected 

by a . 
4<. It is a good safety practice to wear . 



asses- under* the he>met. 



N. V. 



OBJECTIVE .16: 

'SMAW area. 



List t]ie safety hazards fommcyi to the * ^ 



3 



The concentr^tion^of several arc welders or of rep ef( t i v e w e 1 d i n g opera- 
tions should warrant the establishment of a special' permanent welpirl^ area 
thcit shauld isD^te the general public from the hazards, fxf welding. A-per- 

* ' * \ ' « ' / 

% manent location w\ll also allow special 'consideration for wall, coatings that 
s* absorb the £rc andVor a safety plan for removal of hazards, flammables, or 
* volaune-mat^ria^sjfrom the area. Gq^ housekeeping rules for the. storage Jf£ 
of rod stubs^permanent cable ^locations, fire ^tch,* and^ ottjer safeguards can 
cally established. 

The SMAW process requires^weTl designed ventilation systems tp prevent 
several hazards. The worker may be subjected to large amounts of/smoke from 
the arc, br £tf the chefni cal^changes in the atmosphere that result as the ^ 
electrode ocating, the • core, wi re ,^ and any surface coatings are consumed '(d^ 
composed^ by the arc). The SMAW gerrerates'^signi ficant amounts of c^VborrdioV^ 
#ide (-e02) andv small amountsof carbon monoxi *de V v and the worker shou>d be- • , 
aware of ttiesf two Jb&aVds. The electrode coating al-so contains flyxjng " 



be systi 
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agents and cellular fibers. As noted on each box of SMAW £lec£rodes, exce?^ 
sive amounts of snpke in OTfin'ed areas tan be detrimental to the worker's C~ 
health. 4 Because of this hazard, the standard wading staWcfn Should be , / 
designed to pull the welding smoke down and' away from the^pprker,* not upfpa^t- 
the worker's breathing area. (The design of welding "stations should be coor- 
dinated with OSHA standards through the company safety officer, with a review 
. of the American Conference ^f Governmental Industrfal Hygienist design data 

* V-S-416.0 and .1.) - , % , ^ 

The worker should be aware that welding on some materialMs hazardous. 
Arc welding on galvanized stTeefl , cadmium-plated parts, brassed beryl 1 i unj 
alloys, painted metals, and nickel or strapless steels will result in metal 
fumes and 'dangerous gases being produced/ The worker should review the 
amount o'f contaminants and the length of exposure careful ly, and request per- 
sonal respiratory protection when needed. 

If workers arl doing light welding^ less 'than 150 amps with intermittent 
arc times), they mayj^ar standard- long-sl eeved work clothes v and still obtain 
f sufficient protection. Workers using over 150 amps and anyone ^rforming 
out-pf-poSi tion welding must wear protecti ve s coating such as. leather bibs, 
sleeves or jackets that are capable of takirfg the molten meta.l spray. Long 
gauntlets (gloves) of leather design are mandatory, and safety shoes with . 
1 deflecti-ve shields are recommended. 



r 



ACTIVITY 16: ^"^^"^^^ 



Complete the following exercise: 
. 1. Name four of six safety hazards found in the SMAW 
working environment. ' ' 

L ' ^ ' ' . 

b . .« , : 



2*^ List the protective clothing and equipment required 



'for safe SMAW. J \ 

a. * r 

b-. 
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oeJECTiVE 17: Identify -the specific hazardous conditions 
encountered when using. various other welding processes. 



As workers progress in knowledge and skill, they will encounter other 
arc welding processes that'have specific hazards peculiar to that process. 

* * * > / 

FLUX CORE ARC WELDING ' 

.The flux core arc welding (FCAW) process has a continuous, semiautomatic 
feed electrode with flux on the ipside of the wir?. This process is capable 
of utilizing high currents of 200 to 300 amps on an electrode of 1/16 M diam- 
eter. * The* arc action is accelerated and wilj require a filter lens of #12- 

* otyU^nM^ddition, smoke extractors 'that are attached to the welding gun 
^H^^sed.^pe^ worker also must deal with wire feed and accessories that ^ 

* contain 110 volts a. c. * 

NiAS- TUNGSTEN ARC PROCESS (GTAW) 

The gas tungsten ait process \ GTAW ) , commonly referred to as Heliarc or" 
TIG, uses a no'nconsumable. electrode of tungsten or tungsten alloy' and the . 
inert gas Argon fl» cover and protect the weld. Although the; amperages used 
are lower (100 amps)*, the arc «fcys are«more intense dlie to the, Vack of smoke 
to reduce the glare. A #11 filter should be used for steel afid stainffes 
steels. Th$ reflective surface of^ aluminum and the higher amperages. will 
' fl n^d a #12 lens. The GTAW process also uses a' high frequency current for arc 
starting, and can produce painful shock and burns. Gloves should be used at 
all tinjes, and the close' positions used for normal seated welding will accel- 
erate arc burns through thin- shirts. In,addition, the arc reaction on the 
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argon and on the air in the roon) results in 3 higher concentration of ozone, 
a highly toxic and irritating gas. K -;~f 



GAS METAL ARC PROCESS ' 

• » 

The gas metal aro, process (GMAW) commonly referred to as MIG or wire- 
welding, is simiTar to GjfW itxJtharisU uses a gaseous shield. However, the 
covter gas is usually 'a mixture of argoh and -carbon dioxide (C0 2 ), or it may 
be 100% C0 2 . This, gas, along with the/ further 'chemical breakdown in the arc, 
will necessitate a well ventilated won! 

* ♦ *. 

AIR CARBON ARC 80U$NG, PROCESS V. \jf*£i , 

The a.ir carbon -arc gouging ^ibe'S^^s gaining popularity over the cfry- 
acet^ene torch, for metal removal on repair Welds. This process uses^Jarc 
between a carbon electrode andfthe base metaUto instantaneously establish a 
molten puddle. A jet of xonjpressed air is ttien ^aimec^at the puddle, resulting 
in the-fllfflten metal/ s bei ng ttjowry from t^ 'area. This process requires ,a 
filter of either #12 or #14 arid will squfW mo«l ten.jaetal from ten to twenty 
feet, depending on Jthe ai r^yg<^sufe*: , In action to leather personal protec- 
tive equipment, ear protection* sftguld ; (?js worn - during al 1". (iterations. The 
standard safety precautions/? for c^mpressed^ air aJsp a^ly. . 

To be successful in a iaree^, the worker must not pnl* be capable of - 
dfu-og-the work of a ^professional ,J?ut must a£t like -one, This involves guK^ 
ing against horseplay and 1 other-, unsafe conditions that might >Kgct oneself or 
fe'l low workers . * ^ 



ACTIVITY 17: 



Complete thd^ol loflyig exercises:/ 
1,. List two hazards • common to FCAW. 



2. List three hazards common' to GTAW. 
a. : L * , . 
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3. List two hazards common to GMAW. 

1 * t 

b. ' 

* ' * > 

4. List three hazards common to carbon arc gouging., 
"a. * 

b. . 

a * C • o * e 
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AhfewERS TO ACTIVITIES 



ACTIVITV 1 * 
II.- Fire. 

A. Flying sparks. 

Q. Flying pieces of molten metal. 

C. Mot mptal . <* 

IV. ' Radiant Energy. 

A. - Ultraviolet rays. 

B. Infrared rays. r 1_ 

V. " 

A. 1. Carbon monoxide. 

2. Carbon dioxide. 

3. Nitrous fumes. 

W V 

B. 1. Nitrous gases. 

2. Carbon monoxide. 1 * . 

3. Ozone. 

C. 1 . Cadmi urn ' *' , 

2. Lead" » ' ■ - ; 

3. Zinc . " 

4. Beryllium. 

5. Arsenic. 

**6. Fluorides. >4< . 

7. Cyajpi de . - 

ACTIVITY 2 

1. Fifteen. . - • t , 

2. Unstable. . * • i- 

3. Gas. % 

ACTIVITY 3 ' ' 

1. a. Upright. 

b. Soapy water, other liquid leak checks. v A 

c. Copper. . ^ 

d. Removed. » ^ , 
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2. 1.0. 

2. B. < 

3. A. 

4. E. 

5. C. 

6. F. 

ACTIVITY 4 . 
Any three.' 

1. a. 6i1. 
. b. . Greas.e. , -** 

. c. Dirtv 

d. Fabrics. ^ 

2. True. > >x 

ACTIVITY 5 
1 . 250O. 
2., Missile. 

3. Cap. 

4. The Department of Transportation (DOT). 
ACTIVITY "6 

< 

1 . Reduce; maintain 

2. Single. 

3. Two.- _ • 
ACTIVITY 7 

1. d! y 

2. a. 

3. a. 

ACTIVITY 8 

1 . True 

2. True 

3. True. ' ^ j 

4. False. % 



c 
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ACTIVITY 9 

1 . a. Torch handj 
* b. Torch'tip adapter. - , 

c. The tip itself. 

2. Pressurize the unit and paint each joint. with leak testing compound;' 
or pressurize .t)ie system, turn off the cylinder valve and watch for 
drop in pressure. % 

ACTIVITY 10 . 

1. Slowly. 

2. Opened. 

3. 1/4 to*f 1/2. m j 

4. Creeping. ^ 

5. Hissing. 

6. a. Molten slag, sparks, 

b. Burnt hoses. 0 

c. Popping concrete floors, j 

d. Falling cutoffs. 

ACTIVITY 11 

i. 



a . 


7 


b. 


10 


c. 


15 


d. 


3 


e. 


14 


f. 


4 


9- 


1 


h. 


11 


i 


8 


j- 


13 

• 


k. 


. 2 


1 . 


' 5 : * 


tn.. 


9 


n . 


6 


*< 


12' 
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2. a. Open torch fuel gas ve/lve about 1/A turn, 
z b. Light tip^- 

*c. Adjust fuel gas flame. 

d." Open «.torch oxygen valve until neutral flame is obtained. 

3. a. 1 ' ' . 

b. * 2 

c. 2 

d. 1 ' 

e. 2.' 

f. 1 

ACTIVITY 12 

1 . a. Safety shoes .* 

b. A cap. 

c. Safety glasses. 

d. ' Leathers. 

e. Gauntlet leather gloves. r 

2. (Any two) 

a. ^Zinc poisoning^ 

b. Phosgene gas. 

c. Cadnium poisoning. , 
ACTIVIJY 13 

1. Shielded metal arc welding. 

2. Electric. 

3 . Arc . . 

4. Spray : r % 

ACTIVITY* 14 
>. True. 
2. False. 

,3. True. - • 

4. True. • 

f> 

ACTIVITY 15" 
1. a. Ultraviolet. 
p. Infrared. 
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2. a. #14 1 darker). 
b. #10 (lighter): 

3. Helmet. *' 

* 

4. Safety. 

ACTIVITY 16- 
(Any four) 
1. 



2. 



a. 
b. 
c. 
d. 
e. 
f . 
a. 
b.< 
c. 
" d. 

e. 
- f . 

ACTIVITY, 17 



Volatile materials. 
Wet surfaces. 
Smoke inhalation. 
Metal -pisoning. 
Molten metal spray. 
Asphyxiation. >■> 
Long gauntlet leattf^ gli 
Welding helmet. 
Leather sleeves or jfrotet. 
Safet$ shoes.' 
Safety glass'es. 

Caps or. hard fiats when required. 
Flame retardantS*ork, clothes, 



loves. 




1. a. Excessive smoke. 
. b. Brighter arc, 

2. a. Unfiltered arc glare, 
b. - High, frequency current. 

C. High concentrations of ozone. 

3. a. High concentrations of CO*. 

* 

b. Accessories with 110 volts a.c. 

4. a. Brighter arc. 

b. - Compressed air. 

c. Noise. 



/ 
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